The aims of the study were: (i) to determine iodine status of schoolchildren living in northeast Italy; (ii) to assess dietary habits and iodine status and (iii) to investigate the level of knowledge concerning iodine sufficiency and ways to ameliorate iodine status. METHODS: One thousand three hundred seventy-five consecutive 12-13 year-old completed questionnaires collecting demographic data and information about the use of iodized salt and food frequency habits. Iodine concentration in urine samples (UIC) and in commercially available milk samples has been measured. RESULTS: The median UIC was found to be 81 mg/l (95% confidence interval (CI) 74-87); 40% of the subjects had an UIC of X100 mg/l. Iodine deficiency was prevalent in subjects living in hilly areas. Median iodine concentration in milk was 264 mg/l. Only the combined use of iodized salt plus daily milk normalized UIC, resulting into a median value of 108 mg/l. A logistic regression model confirmed independent associations between low UIC and low intake of milk, use of non-iodized salt and geographical location (Po0.0001). Only 45% of the subjects were aware of the importance of iodine. CONCLUSIONS: Northeast Italy is still characterized by mild iodine deficiency. An adequate iodine status was achieved only when iodized salt was combined with daily milk intake. The national iodine prophylaxis program has led to greater consumption of iodized salt and, it is now used in 60-70% of the Italian households. The low level of awareness highlights the need for public programs to promote knowledge and efforts to improve iodine status.
INTRODUCTION
Iodine is the key element in the synthesis of thyroid hormones. Although endemic goiter, the most serious consequence of severe iodine deficiency, has practically disappeared in most developed countries, several European areas still present mild iodine deficiency; 1 the neuropsychological consequences of such borderline iodine lack particularly during childhood have not been entirely defined yet.
The iodine intake in a particular population is commonly assessed by measuring urine iodine concentration (UIC), an indicator reflecting iodine intake over a short period of time prior to collection, and its distribution is usually skewed towards elevated values. Therefore, the median UIC value from spot urine samples of representative cohorts of children between 6 and 12 years of age is the most common measure used to define the iodine status of the population. Experts have defined an adequate iodine intake as a median UIC concentration of 100 mg/l with no more than 20% of the population presenting values o50 mg/l. A median UIC level between 150 and 249 mg/l reflects an optimal intake during pregnancy and lactation when its requirements are increased. 2, 3 As reported in the last database collected by the World Health Organization (WHO), 285 million school-age children still have iodine deficiency. 4, 5 Low iodine intake can influence growth and development, and moderate to severe iodine deficiency during childhood reduces IQ by 10-15 points. 6 The clinical consequences of a mild iodine deficiency in older children are less evident and understood, but recent data suggest that it might prevent them from attaining their full intellectual potential. 7, 8 In developed countries, iodine supplementation by means of iodized salt is the most cost-effective strategy to address the problem of iodine deficiency. As cattle commonly receive iodinecontaining feed supplements, other significant sources of iodine include milk and dairy products. [9] [10] [11] Historically, Italy has always been characterized by endemic goiter, which was first mentioned by ancient historians such as Pliny the Elder, Vitruvius, Juvenal.
12-14 A national iodine prophylaxis program was introduced in Italy in 2005 by a law that assured the availability of iodized salt on sale and permitted its use in processed foods. 15 For the time being, use of iodized salt remains voluntary and according to some studies only 40-60% of Italian households use it routinely; moreover, the salt currently used by food manufacturers is rarely iodized.
Some surveys conducted between 1994 and 2004 on schoolchildren between 8 and 15 years old living in northeast Italy demonstrated that a far-from-negligible number had a mild/ moderate iodine deficiency with UIC levels o100 mg/l. According to those surveys, iodized salt was used by no more than one-third of the subjects studied.
The aims of the current paper were: (i) to assess the current iodine supply in northeast Italy; (ii) to ascertain if and how iodine status is influenced by different dietary habits; (iii) to evaluate the level of awareness about the consequences of iodine deficiency and the means to ameliorate iodine status, and, in particular, to determine if the prophylaxis program initiated in 2005 has improved the use of iodized salt in the northeast Italian population.
MATERIALS AND METHODS
Between February and April 2012, 1375 (741 male and 634 female subjects) consecutive 12-13-year-old children attending secondary school from mountainous, hilly and flat areas in the Veneto region were evaluated. The study was granted approval by the local ethical committee, and the parents gave written informed consent permitting their children to take part in it.
Each child completed two questionnaires: (1) the initial part of the first one was concerned with the subject's demographic information such as date of birth, gender, ethnic origin, time (months/years) since arriving in Italy (if foreign born), personal and familiar history with regard to thyroid diseases, and the second part posed questions about what they knew about the prophylaxis program, the persons or sources who provided them with information concerning nutrition and ways to improve their iodine status; (2) the second questionnaire was a validated food frequency questionnaire (FFQ) posing questions about the subject's use of iodized salt in his/her household, the number of years the family had been using iodized salt, his/her daily dietary intake of cow's milk, yoghurt, cheese, meat, eggs, fish, soy milk and own production aliments. As far as milk intake was concerned, the answers were scored in the following way: 0 ¼ no milk; 1 ¼ occasionally drank milk, 2 ¼ one glass (at least 250-300 ml/day) daily and 3 ¼ more than 1 glass daily. With regard to other foods (that is, yoghurt, cheese, meat, eggs, fish and so on), intake was scored as follows: 0 ¼ never, 1 ¼ at least once a week, 2 ¼ more than once a week.
A 20-ml non-fasting early-morning spot urine sample was collected from each participant. These were divided in aliquots and kept refrigerated below 20 1C until they were assayed. UIC was expressed as mg/l and measured in duplicate by the colorimetric ceric ion arsenious acid method, using a second-analyser Technicon Auto-Analyser (Brain Luebbe GmbH, Norderstedt, Germany). The intra-assay variation coefficient was 5.8% and the inter-assay variation coefficient was 9.2%.
Milk iodine determination has been performed on six common commercial fresh and long-life cow milk samples. Three samples from whole-diary milk and three samples from long-life milk were analyzed for iodine determination using a standard procedure previously described. 18 In Brief, 10 ml of milk were mineralized with 5 ml of HNO 3 at 95 1C for 180 min and rinsed with H 2 O to 20 ml. After the procedure, sample were directly analyzed with a Perkin-Elmer (Waltham, MA, USA) Optima 3000 Inductively Coupled Plasma-Optical Emission Spectrometer, each measure was repeated three times. The concentration was determinate in comparison with a standard curve.
Statistical analysis
The Kolmogorov-Smirnov test was used to estimate the normal distribution of UIC. As the values were not distributed normally, they were reported as a median and 95% CI. The w 2 test was used to explore the relationship between UIC (choosing a cutoff value X100 mg/l) and geographical areas or dietary habits; it is also used to evaluate milk intake differences according to gender. The Mann-Whitney test was used to study the difference between UIC values according to iodized salt use, whereas the Kruskal-Wallis test was used to study the difference between UIC values according to different milk scores, separately. Moreover, the Kruskal-Wallis test was used for testing the differences of UIC between only milk-drinkers and both milk-drinkers and salt-users, and three groups were defined: (1) consuming both, (2) consuming only one, (3) consuming none of the two. Multivariate analysis (by logistic regression) was used to explore the relative role of each independent variable in determining UICs. A P-valueo0.05 was considered statistically significant.
RESULTS

Iodine status in childhood and iodine concentration in milk
One thousand three hundred seventy-five (741 from male and 634 from female subjects) urine samples were collected. The global median UIC was 81 mg/l (minimum 25, maximum 582, 95% CI 74-87 mg/l). Significant differences were found between the three geographic areas studied: the median UIC in the mountainous zone was 94 mg/l; the median UIC value in the hilly zone was 54 mg/l and the median UIC in the plane zone was 77 mg/l (Po0.001) (Figure 1) .
The median and mean iodine values of fresh and long-life commonly commercially available cow milk samples were 262±9 and 264 mg/l, respectively. Single milk iodine concentrations were reported in Table 1 : the iodine content of fresh milk samples was slightly higher than in long-life ones.
Iodine status and dietary habits The percentage of different UIC cutoff values in relation to dietary habits according to the FFQ are shown in Table 2 .
The use of iodized salt was associated with significantly higher UIC values (median UIC 93, 95% CI 87-99 mg/l in users versus 49 mg/l, 95% CI 40-59 mg/l in non-users, Po0.0001). Iodine intake was sufficient in 46% of the children using iodized salt compared to 29% in those who were not (Po0.0001).
Cow's milk consumption was distributed in the following way in the three geographic areas studied: 65% of the subjects living in the mountainous areas drank milk daily (15% had a score of 3), whereas 60% of the subjects living in hilly areas (8% had a score of 3) and 62% of those living in the plains likewise did so (13% had a score of 3).
Daily milk consumption was associated with higher UICs: those who drank two or more glasses a day (score 3) had a median UIC Figure 1 . The distribution of UIC levels in Italian schoolchildren according to geographical location. UIC values were divided in three categories: o50, 50-99 and X100 mg/l. Mean of three repeated measurements for each sample.
Iodized salt and milk for iodine sufficiency S Watutantrige Fernando et al of 122, 95% CI 98.6-152.6 mg/l, those who drank 1 glass daily (score 2) had a median UIC of 88, 95% CI 81-97 mg/l and those who drank less than one glass daily (scores 0-1) had a median UIC of 57, 95% CI 47-62 mg/l (Po0.0001). Forty-seven percent of the daily milk-drinkers had a sufficient iodine intake compared to only 29% of those who did not drink milk regularly (Po0.0001). The male subjects drank significantly more milk than the female ones (Po0.0005). The median UIC in the former was 83, 95% CI 75-89 versus 77 mg/l, 95% CI 69-87 mg/l in the latter but the difference was not statistically significant. UIC was then analyzed considering both iodized salt and milk consumption: the subjects who consumed both iodized salt and milk had higher UIC values (on a whole median 108, 95% CI 97-120 mg/l; 100, 95% CI 91-113 mg/l in milk-drinkers with a milk score 2, and 145, 95% CI 114-162 mg/l in milk-drinkers with a milk score 3) than those who used only one of the two (median 63, 95% CI 47-82.1 mg/l for only milk-drinkers; and 57, 95% CI 49-65 mg/l for only iodized salt-users) or none of them (median 34, 95% CI 30-48.9 mg/l) (Po0.0001) (Figure 2) .
No significant association was found between UIC and consumption of dairy products, fish, beef or chicken meat in uni-and multivariate analysis.
According to regression analysis, not drinking milk daily, not using iodized salt and the hilly geographical location were all independently associated with low urinary iodine excretion (Po0.0001).
Knowledge and practices
The questionnaires completed by the children revealed that their knowledge about iodine and foods rich in iodine was not optimal. Only 45% of households were informed and only 44% were aware With regard to milk intake, it was scored as follows: 0 ¼ no milk; 1 ¼ occasionally drank milk, 2 ¼ one glass (at least 250-300 ml/day) daily, and 3 ¼ more than 1 glass daily; with regard to other foods intake, it was scored as follows: 0 ¼ never, 1 ¼ at least once a week, 2 ¼ more than once a week. *P-value by w 2 test.
Iodized salt and milk for iodine sufficiency S Watutantrige Fernando et al that a national iodine prophylaxis program had been in effect since 2005. Seventy percent of the families used iodized salt, but there were differences between the geographic areas: 72-73% of households in the mountainous and hilly areas and 62% in the plane areas used it. No differences were noted between Italians and foreign residents living in Italy. Those who had been informed about the importance of iodine sufficiency used more iodized salt than those who had not (Po0.001) (Figure 3 ). About half of the families had been using iodized salt for the 10 years precedent to the study and 35% since the prophylaxis program was begun in 2005. The subjects who had been using iodized salt for B10 years had slightly higheralthough not significantly different-UIC values with respect to those who had only recently introduced it into their diet (median UIC 98, 95% CI 87-109 versus 86 mg/l, 95% CI 76-96 mg/l). In schoolchildren from the mountainous and plane areas who had been using iodized salt over the past 10 years, a median UIC of 4100 mg/l was found.
Forty-two percent of the participants cited mass media (Internet, magazines, radio, television) as their source for nutrition information about iodine, 30% cited educational presentations in schools and 26% cited their physician.
DISCUSSION
The results of this study show that the iodine status of schoolchildren living in northeast Italy is inadequate and compatible with a mild iodine deficiency profile. On the whole, the median UIC was 81 mg/l. Thirty-eight percent of the subjects studied had values o50 mg/l, and UIC levels were satisfactory in only 40% of the participants. The deficiency was particularly evident in schoolchildren living in the hilly zones of the region. These data are consistent with those of a previous survey conducted on pregnant women living in this same geographical area in whom the median UIC was found to be 83 mg/l. Only 13% of the participants in that study presented optimal iodine intake. 19 A cross-sectional survey recently conducted on 810 UK subjects, 14 and 15 year-old UK schoolgirls reported that there is a state of mild iodine deficiency in the United Kingdom (with a median UIC of 80.1 mg/l) characterized by regional and seasonal differences. 20 Although we previously demonstrated that endemic goiter disappeared in our geographical area at the beginning of the new millennium, 16 the real impact of a borderline iodine supply during childhood has not been completely delineated, and probably became significant later especially during pregnancy and lactation when iodine requirements are particularly high. It is probable that iodine stores that were already depleted even before pregnancies began were unable to assure increased thyroid production during early gestation, or an adequate iodine supply to the fetus for its own thyroid hormonal production after the 20th week of gestation as well as to the newborn during the breastfeeding period. 21 Nevertheless, as recently demonstrated by a placebo-controlled study carried out in New Zealand, an area characterized by mild iodine deficiency (median UIC 66 mg/l), schoolchildren who received iodine supplements (150 mg of iodine daily for 28 weeks) showed improved cognitive function, particularly perceptual reasoning, suggesting that even a mild iodine-deficiency condition could have relevant consequences on the myelination process particularly occurring in the frontal lobes of the brain late in childhood. 7 Similar positive results with regard to iodine supplementation have been reported by Zimmermann et al. 8 in European children who were moderately iodine deficient.
By our data, only the combined use of iodized salt and daily milk consumption ensures an adequate iodine status, as confirmed by the median UIC values of B100-145 mg/l according to different milk scores. In previous surveys by our group in both schoolchildren and in pregnant women, we were unable to demonstrate that iodized salt had any evident role in significantly increasing UIC values, whereas cow milk appeared to be the main source of iodine. 19, 22 Indeed, those surveys reported that fortified salt was used by no more than 30-40% of the subjects screened. According to the data gathered by the present study, the percentage of households which routinely make use of fortified salt rose to 62-72%, as a result, fortified salt becomes one of the key factors in achieving iodine sufficiency. However, it should be emphasized that current nutritional health programs are promoting an overall reduction in daily salt intake to prevent cardiovascular diseases. To keep iodine intake adequate, such a decrease should accompany a capillary diffusion of iodized salt in processed foods, which represents around 80% of the total salt in the ordinary diet in industrialized countries. 23 Actually, in Italy this important prophylactic strategy, although endorsed by the present low, 15 is poorly followed by food industry and food trade. The other key factor promoting adequate iodine supply is, as expected and shown by us and other researchers studying schoolchildren in different European countries, daily consumption of cow's milk. [24] [25] [26] [27] Indeed, following the recommendations of the National Research Council of the United States of America, the diet of dairy cows is enriched with several minerals including iodine (20 mg/head/day) resulting in a stable iodine production of B200-250 mg/l. 28, 29 Indeed, the median iodine concentration in commercially available cow milk samples as assessed in the present study was 264 mg/l, similar to that reported in a previous study where the median iodine has been found to be 281 mg/l. 22 In other terms, the daily intake of a cup of milk, corresponding to at least 250-300 ml of milk, provides 70-80 mg of iodine, equivalent to approximately half of the optimal intake during childhood and adult life. It should be underlined that according to the data gathered by our FFQ concerning milk intake, 57% of the male subjects had milk scores of 3 and 4, whereas 51% of female subjects had milk use scores of 0 and 1. Young female subjects appear to be the most vulnerable individuals for iodine deficiency risks and with them their future offspring.
Hilly geographical areas in our region seemed to be characterized by mild/moderate iodine deficiency according to previous studies. 30, 31 In the present survey, those geographical locations are independently associated with the highest proportion of samples of low UIC. These data are difficult to explain as, on one hand, the schoolchildren from hilly zones showed the lowest percentage of high milk scores, whereas, on the other hand the percentage of those using fortified salt was B70%, a percentage that was similar to that in the other zones.
Our report is the first to analyze the level of awareness about the consequences of iodine deficiency and the attempts to improve iodine status by appropriate food choices since the prophylaxis program went into effect in 2005. It demonstrates that although Italian children and their families started out, according to previous surveys, with a low level of knowledge about iodine and with only a relative few using iodized salt, its use in northeast Italian households has significantly increased with respect to the past-rising in mean from 40-70%. Interestingly and as expected, subjects who are aware of the risks connected to iodine deficiency are more prone to preferentially use iodized salt compared to those who are not (79% in the former versus 63% in the latter), and have probably been using it for a longer time period, as shown by the higher use in the mountainous/hilly areas that is, those zones with a long history of endemic goiter.
As it is generally assumed that UIC is a parameter reflecting iodine intake in the period immediately prior to collection, data demonstrating that subjects who have used it for more than 10 years have slightly higher UIC values must be confirmed by further studies.
In conclusion, our study demonstrates that the population of northeast Italy is still characterized by mild iodine deficiency, as only schoolchildren whose families regularly use iodized salt and daily drink milk have an adequate iodine supply. The national iodine prophylaxis program that went into effect in 2005 has encouraged a large sector of the population to use fortified salt, which is routinely consumed by B60-70% of households. The level of individual awareness regarding the importance of iodine is nevertheless insufficient, and other public programs and strategies are indeed warranted to ameliorate subject knowledge and practices.
